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salts thereof, which are useful as therapeutic agents for 
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wherein R 1 is H, lower alkyl or phenyl, and the phenyl 
can be substituted by lower alkyl, hydroxy, lower aikoxy, 
halogen, nrtro or phenyl; R 2 and R 3 , being the same or 
different, are H, halogen or lower alkyl; R 4 and R 5 , being 
the same or different, are H, lower alkyl or carboxyl or 
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Description 

T chnlcal Field 

5 [0001] The present Invention relates to novel compounds which ere useful as therapeutic agents for glaucoma. 
Background Art 

[0002] In general, glaucoma is a disease wherein visual functions suffer disorders caused by a rise of Intraocular 
10 pressure. Aqueous humor outflow is closely related to the rise of intraocular pressure. When the aqueous humor out- 
flow is disturbed, the intraocular pressure rises. The aqueous humor flows mainly from trabecular meshwortc through a 
Schlemm's canal outside an eyeball. The aqueous humor outflow can be increased by reducing resistance of the aque- 
ous humor outflow in this trabecular meshwork. Cells which form the trabecular mesh work (trabecular mesh work cells) 
have sulfhydryl groups. A method of lowering the intraocular pressure has been reported, in which a compound capable 
is of reacting with the sulfhydryl groups Is administered so as to make a morphological change in the trabecular meshwork 
cells and Increase the rate of aqueous humor outflow. (Japanese Examined Patent Publication No. 13013/1995). This 
patent Publication discloses phenoxyacetic acid derivatives, preferably ethacrynic acid as compounds capable of react- 
ing with the sulfhydryl groups. 

[0003] The method of lowering the intraocular pressure by causing the morphological change in the trabecular 
20 meshwork cells is very interesting as a method of treating glaucoma. However, there have not been so many studies of 
drugs having such a function mechanism yet. A study of creating new drugs In development of therapeutic agents for 
glaucoma Is a very interesting subject. 

[0004] Accordingly, noting that ethacrynic acid, which Is a phenoxyacetic acid derivative having an a, ^-unsaturated 
carbonyl group, has an effect of causing the morphological change in the trabecular meshwork cells and lowering the 
25 Intraocular pressure, the present inventors synthesized various novel compounds and studied their effects on morphol- 
ogy of the trabecular meshwork cells and intraocular pressure-lowering effects thereof. As a result, the present inven- 
tors found that novel vinylbenzene derivatives which have vtrryibenzene structure as a basic structure and wherein an 
a, p- unsaturated carbonyl group Is further introduced Into their benzene ring have excellent effects. Thus, the present 
invention has been completed. 

30 

Disclosure of the Invention 

[0005] The present invention relates to compounds represented by the following general formula [I] and salts 
thereof (hereinafter referred to as "the present compound" as far as there is no proviso), and pharmaceutical composi- 
35 tlons containing them as active ingredients. 




[wherein R 1 is hydrogen, lower alky! or phenyl, and the phenyl can be substituted by lower alkyl, hydroxy, lower 
alkoxy, halogen, n'rtro or phenyl. 

R 2 and R 3 , being the same or different, are hydrogen, haiogen or lower alkyl. 
55 R 4 and R 5 , being the same or different, are hydrogen, lower alkyl or carboxyl or carboxylate thereof. 

R 6 is carboxyl or phosphono or ester thereof.] 

[0006] The groups defined above are describ d in detail hereinafter. 
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[G007] The lower alky I is straight-chain or branched a Iky I having one to six carbon atoms such as methyl, ethyl, pro- 
pyl, butyl, hexyt, Isopropyl, Isobutyl, Isopentyl, Isohexyl, t-butyl or 3, 3-dimethyl butyl 

[0008] The lower alkoxy Is straight-chain or branched alkoxy having one to six carbon atoms such as methoxy, 
ethoxy, propoxy, butoxy, hexyloxy, isopropoxy or t-butoxy. 
5 [0009] The halogen is fluorine, chlorine, bromine or iodine. 

[0010] The ester is lower alky I ester such as methyl ester, ethyl ester, isopropyl ester or hexyt ester, phenyl ester, 
or phenyMower alky I ester such as benzyl ester or phenethyl ester. 

[001 1] The salts in the present invention can be any pharmaceutlcally acceptable salts. Examples thereof are salts 
with an alkali metal or an alkaline earth metal such as sodium, potassium or calcium. When geometrical isomers or opti- 
10 cal isomers are present in the present compounds, these isomers are also included in the present invention. The 
present compounds can be in the form of solvates such as hydrates. 

[0012] Preferred examples of the present compound are compounds wherein the group(s) are the followings in the 
compounds represented by the general formula [I]: 

is (1a) R 1 is hydrogen, lower alky I or phenyl, and the phenyl can be substituted by a group selected from lower alkyi, 
halogen, nitro and phenyl; and/or 

(2a) R 4 and R 5 , being the same or different, are hydrogen, lower alky I or carboxyl. 
[0013] Namely, 

20 

• Compounds defined by above (1 a) in the compounds represented by the general formula [I]. 

• Compounds defined by above (2a) in the compounds represented by the general formula [I], 
and 

• Compounds defined by a combination of above (1 a) and above (2a) in the compounds represented by the general 
25 formula [I]. 

[0014] More preferred examples of the present compound are compounds wherein the group(s) are the followings 
in the compounds represented by the general formula [I]: 

30 (1b) R 1 is phenyl, and the phenyl can be substituted by a group selected from halogen, nitro and phenyl: 
(2b) Both R 2 and R 3 are hydrogen; 

(3b) R 4 and R 5 , being the same or different, are hydrogen or lower aikyl; and/or 
(4b) R B is carboxyl. 

35 [0015] Namely, 

• Compounds defined by above (1 b) in the compounds represented by the general formula [I], 

• Compounds defined by above (2b) in the compounds represented by the general formula [I]. 

• Compounds defined by above (3b) in the compounds represented by the general formula [I], 
40 • Compounds defined by above (4b) In the compounds represented by the general formula [I], 

and 

• Compounds defined by any combinations of two or more of above (1 b), (2b), (3b) and (4b) in the compounds rep- 
resented by the general formula [I]. 

45 [0016] Further preferred examples of the present compound are compounds wherein the group (s) are the follow- 
ings in the compounds represented by the general formula [I]: 

(1c) R 1 is phenyl, pentafluorophenyl, 4-nitrophenyl or 4-biphenylyl; 
(2c) Both R 2 and R 3 are hydrogen: 
so (3c) R 4 and R 5 , being the same or different, are hydrogen or methyl; anoVor 
(4c) R 6 is carboxyl. 

[0017] Namely, 

55 • Compounds defined by above (1c) in the compounds represented by the general formula [I]. 

• Compounds defined by above (2c) in the compounds represented by the general formula [I], 

• Compounds defined by above (3c) in the compounds represented by the general formula [I], 

• Compounds defined by above (4c) in the compounds represented by the general formula [I], 
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and 

• Compounds defined by any combinations of two or more of above (1c), (2c), (3c) and (4c) in the compounds rep- 
resented by the genera] formula [I]. 

[0018] The most preferred specific examples of the present compound are the following compounds and salts 
thereof. 

1) 4-{2-(2 J 3, 4, 5, 6-Pentafluorophenyl)acryloyl]cinnamic acid 



F 




H 0 



2) 4-[2-(4-Nitrophenyl)acryioyl]cinnamic acid 




H 0 



3) 4-(2-Phenylacryloyl)cinnamic acid 




0 



4) a-Methyi-4-(2-phenylacrytoy0cinnamic acid 
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[0019] A typical synthesis routs schsme of the present compound is shown below. 
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40 [0020] The present compound [I] can he synthesized by various synthesis routes, for example, as shown In the 
above reaction route scheme. Each route of this synthetic method is shown below. However, these routes exemplify typ- 
ical routes and do not represent all methods. Details of specific synthetic methods are described In later Examples. 

Route A) [II] -> [XVI] -> [III] -* [IV] [I] 
45 Route B) [II] -> [XVI] -> [IV] -> [Q 

Route C) [V] -> [VI] -» [IV] -* P] 
Route D) [IV] -> [VII] -> [VIII] [I] 
Route E) [||]->[XVII]^[!] 



so [0021] Synthetic methods of these routes are described in detail below. 



55 



6 



Route A) [II] -> [XVI] -» [HQ -> [IV] -> [Q 
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[0022] 



0 GH 3 



TO 



T5 




SOCI, [IX] 

-[XVI] . 



cm 




[no 



20 



25 



^ 5 (CH 2 0)n R l 





[JV] 



[r] 



3a 



35 



40 



[0023] The carboxyllc acid derivative [II] Is treated with thionyl chloride to convert it into the acid chloride [XVI]. This 
is reacted with the t-butyl ester derivative [IX] in the presence of a base to convert it into the compound represented by 
the formula [III]. The compound [III] is converted into a carboxylic acid in the presence of an acid, and the carboxylic 
acid is decarboxylated to give the compound represented by the formula [IV]. Then, the compound [IV] Is condensed 
with paraformaldehyde in the presence of a secondary amine by Mannich reaction, and the present compound [I] 
(wherein R 2 and R 3 are hydrogen) is obtained by elimination reaction. 

Route B) [II] [XVI] [IV] -+ [I] 

[0024] 



45 



50 




SOCL 



[X] 



■[XVI]- 



[IV] 



[I] 



[II] 



[0025] The carboxylic acid derivative [II] is treated with thionyl chloride in the same manner as the route A) to con- 
vert it into the acid chloride [XVI]. This is condensed with the Grignard reagent [X] to give the compound [IV]. Then, the 
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present compound [I] (wherein R 2 and R 3 are hydrogen) Is obtained by the same method as the rout A). 
Route C) [V] -> [VI] -> [IV] [I] 
5 [0026] 



re? 



f5 




20 [0027] The aldehyde derivative [V] is condensed with the Grignard reagent [X] to convert it into the hydroxy deriva- 
tive [VI]. The hydroxy derivative is reacted with an oxidizing agent (for example, dimethyl sulfoxide (DM SO)) to give the 
compound represented by the formula [IV]. Then, the present compound [I] (wherein R 2 and R 3 are hydrogen) is 
obtained by the same method as the route A). 

25 Route 0) [IV] -» [VII] [VIII] [I] 

[0028] 




[VIII] 

55 

[0029] The compound [IV] obtained according to the method of the route A), B) or C) is reacted with the carbonyl 
compound [XI] in the presence of a base to give the compound represented by the formula [VII]. Then, this is reacted 
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15 



20 



25 



30 



35 



with mesyl chloride to convert It into the mesyloxy derivative [VII]. The mesyloxy derivative [VII] Is created in the pres- 
ence of a strong base (for example, 1 , 8-dlazablcyclo[5.4.0]-7-undecene (DBU)) to give the present compound [I]. 

Route E) [II] -> [XVII] -> [I] 
[QQ30] 



5 



10 .0^ 



H 3 C 




Y 

o 

[XII] Cul 
-[XVtl] [1] 



CM] R\ > 



/ 



CX 3 CH ? OTs 



nBuLi [XIV] x R . 



X B 



[XIII] jji 

txv] 



[wherein X is halogen.] 

[0031] The carboxylic acid derivative [II] is treated with Isobutyl chloroformate [XII] to convert it Into the mixed acid 
anhydride [XVII]. Then, the present compound [I] is obtained from this by using a one-pot synthetic method (Tetrahe- 
dron Lett , 33, 337-340 (1992)). Namely, the 2, 2, 2-trihalo ethyl tosylate [XIII] is treated with n-butyllithlum and then 

40 reacted with the organoboron compound [XIV] to give the 2, 2-dihalovlnylborane derivative [XV]. The borane derivative 
[XV] is reacted with the above-mentioned mixed acid anhydride [XVII] in the presence of copper (I) iodide without isolat- 
ing the borane derivative [XV] to give the present compound [I] (wherein R 2 and R 3 are halogen). 
[0032] When the reactants have a hydroxy group in their molecule in the above-mentioned synthetic methods, the 
group can he protected with a suitable protecting group, if necessary, and the protecting group can also be removed by 

45 a conventional method after the reaction. When the reactants have a carboxyl group or a phosphono group in their mol- 
ecule, the carboxyl group or the phosphono group can be esterified, if necessary, and the ester can also be converted 
into a carboxylic acid or a phosphonic acid by hydrolysis. 

[0033] The present compounds are novel compounds which are unknown in literatures, and are characterized in 
that the present compounds have a vinybenzene structure, ol which benzene ring has a double bond substituent, as 

so basic structure, and the benzene ring is further substituted by an a, p-unsaturated carbonyl group. 

[0034] As described above in the part of "Background Art", it was reported that ethacrynic acid has an effect of low- 
ering intraocular pressure by making a morphological change in trabecular meshwork cells and increasing the rate of 
aqueous humor outflow (Japanese Examined Patent Publication No. 13013/1995). Ethacrynic acid is a phenoxyacetic 
acid derivative having an a, (3-unsatu rated carbonyl group. Focusing attention on this chemical structure of ethacrynic 

55 acid, the present inventors studied precisely and found that novel compounds exhibiting higher effects are obtained by 
introducing one more double bond as a substituent of a benzene ring of ethacrynic acid. 

[0035] Administration methods of drugs can be a method of administering active compounds themselves or a 
method of administering the drugs in the form to be decomposed in vivo and to be converted into the active compounds, 
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namely in the form of prodrugs. Both are wid fy used. The present compounds also have a carboxyllc acid group or a 
phosphonte acid group in their molecule. Th present compounds can be administered In th form of the carboxyllc acid 
or the phosphonlc acid and also fn the form of an ester which can be converted Into the carboxyllc acid or the phos- 
phonlc acid by hydrolysis. When the present compounds hav a hydroxy group In their molecule, the pres nt corn- 

5 pounds can be administered with the hydroxy group protected with a suitable protecting group 

[0036] In order to study utility of the present compounds, effects of the present compounds on morphology of the 
trabecular mesh work cells and effects of the present compounds on intraocular pressure were investigated. Details will 
be described later in the part of "Pharmacological Test" and morphological changes of the trabecular meshwork cells 
by adding the present compounds were studied by image analysis. As a result, the present compounds exhibited excel - 

w lent cell morphology change effects on the trabecular meshwork cells. 

[0037] Furthermore, Intraocular pressure-lowering effects of the present compounds were directly studied. Namely, 
effects of the present compounds on intraocular pressure were studied by injecting it into anterior chambers of normal 
animals and by Instillation using laser-induced high Intraocular pressure animal models. As a result, the present com- 
pounds exhibited excellent intraocular pressure-lowering effects. 

is [0038] The present compound Is mainly administered parenterally and can also be administered orally. Examples 
of dosage forms are eyedrops, injections, tablets, capsules, granules and the like. The present compound can be for- 
mulated into preparations by conventional methods. For example, eyedrops can be produced, if necessary, by adding 
isotonic agents such as sodium chloride and concentrated glycerine; buffers such as sodium phosphate and sodium 
acetate; surfactants such as polyoxyethylenesorbitan monooleate, polyoxyl 40 stearate and polyoxyethylene hardened 

20 castor oil; stabilizers such as sodium citrate and dlsodlum edetate; preservatives such as benzalkonium chloride and 
paraben; and the like. pH can be in a range acceptable for ophthalmic preparations, and it Is preferably in a range of 4 
to 8. Oral preparations such as tablets, capsules and granules can be produced. If necessary, by adding diluents such 
as lactose, starch, crystalline cellulose and vegetable oil; lubricants such as magnesium stearate and talc; binders such 
as hydroxypropylcellulose and polyvinyl pyrrolidone; disintegrators such as calcium cerboxymethy leal lul use; coating 

25 agents such as hydroxypropylmethylcellulose, macrogoi and silicone resin: and gelatin film-forming agents. 

[0039] The dosage of the present compound can be selected suitably depending on symptoms, age, dosage form 
and the Ilka. In the case of the eyedrops, the concentration is 0.001 to 3% (w/v), and one to several drops can be 
Instilled per day. In the case of the oral preparation, the usual dally dosage Is 1 to 1000 rng, which can be given in one 
ore few divided doses. 

30 [0040] Preparations, formulations and results of pharmacological tests of the present compounds are shown below. 
These examples do not limit the scope of the present invention, but are intended to make the present invention more 
clearly understandable. 

Best Mode for Carrying out the Invention 

35 

Preparation of Compounds 
Reference Example 1 
40 t-Butyl (2, 3, 4, 5, e-pentafluorophenyi)acetate (Reference compound No. 1-1) 



55 [0042] To iaobutene (4 ml) are added (2, 3, 4, 5, 6-pentafIuoropheny1)acetic acid (3.0 g), ether (1 ml) and concen- 
trated sulfuric acid (0.07 ml) under a nitrogen atmosphere and dry ice cooling, and the mixture is stirred in a pressure 
tube at room temperature for three days. The reaction mixture cooled with dry ice is added to a mixture of a 1 0% aque- 
ous sodium hydrogencarbonat solution and fee. The whole is stirred and then extracted with ether. The organic layer 



[0041] 
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is washed with saturated brine, dried over anhydrous magnesium sulfate and concentrated under reduced pressure to 
give 3.10 g (83%) of the titled compound (Reference compound No. 1-1). 

(Reference compound No. 1-1) 
[0043] 

IR (Film, cm -1 ) 2983, 2940, 1740, 1658, 1510, 1371, 1307, 1159, 981 
[0044] The following compounds are obtained by a method similar to Reference Example 1 . 

• t-Butyl (4-n"rtrophenyl)acetate (Reference compound No. 1-2) 

IR(Film, cm' 1 ) 2979, 1731, 1607, 1521, 1369, 1347, 1231, 1147 

• t-Butyl (4-blphenylyl)acetate (Reference compound No. 1-3) 

mp 44.5-48.5 C 

IR (KBr, cm' 1 ) 3028, 2976, 1730, 1602, 1486 

• t-Butyl (4-toly I) acetate (Reference compound No. 1-4) 

• t-Butyl (4-fluorophenyl)acetate (Reference compound No. 1-5) 

• t-Butyl (4-chlorophenyl)acetate (Reference compound No. 1-6) 

Reference Example 2 

Ethyl 4-carboxycinnamate (Reference compound No 2-1) 
[0045] 

0 




[Q046] To a solution of 4-formylbenzoic acid (1 0 g) in pyridine (68 ml) are added ethyl malonate monopotassium salt 
(23 g), p-toluenesuffonic acid monohydrate (25 g) and piperidine (0.99 ml). The mixture is heated gradually and then 
stirred at 120°C for 1.5 hours. Under ice cooling, 2 N hydrochloric acid is added to the reaction mixture to acidify it, and 
the resulting precipitate is filtered off to give 11.7 g (79%) of the titled compound (Reference compound No. 2-1) as 
crystals. 

(Reference compound No. 2-1) 
[0047] 

mp 194.5-1 97.0°C 

IR (KBr, cm* 1 ) 2981, 1711, 1687, 1609, 1569, 1511, 847 
[0048] The following compounds are obtained by a method similar to Reference Example 2. 
• Ethyl 4-carboxy-a-methylcinnamate (Reference compound No. 2-2) 
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mp 145-149°C 

IR (KBr, cm' 1 ) 2985, 1707, 1678, 1425, 1293, 1259, 1203, 1125, 771 
• t-Butyi 4-carboxycinnamate (Reference compound No. 2-3) mp 21 0°C (decomp.) 

5 

IR (KBr, cm* 1 ) 2979, 1707, 167B, 1639, 1608, 1567, 1294, 1254, 1202, 1156, 964 
Reference Example 3 
10 Ethyl 4-carboxy-p-methylrinnamate (Reference compound No. 3-1 ) 
[0049] 



0 



20 




CH 3 0 



25 

1) To a solution of 4-acetylbenzolc acid (3.9 g) in anhydrous methylene chloride (120 ml) are added 4-dimathyfami- 
nopyridine (1.5 g), t-butyl alcohol (4.6 ml), N-methylmorpholine (3.4 ml) and 1-ethyl-3-(3-dimethylaminopropyl)car- 
bodiimide hydrochloride (6.0 g) under ice cooling. The mixture is stirred under ice cooling for six hours and under 

so water cooling overnight. The reaction mixture is concentrated under reduced pressure, water Is added to the con- 
centrate, and the whole is extracted with ether. The organic layer is washed with saturated brine, dried over anhy- 
drous magnesium sulfate and concentrated under reduced pressure. The residue is purified by silica ge! column 
chromatography to give 3.13 g (59%) of t-butyl 4^acetylbenzoate as crystals. 

35 mp 57.5^58.8 6 C 

IR (KBr, cm* 1 ) 3350, 2986, 2934, 1708, 1682, 1503 

2) A solution of tri ethyl phosphonoacetate (0.98 ml) in anhydrous tetrahydrofuran (4 ml) is added dropwise to a 
solution of sodium hydride (60%, oily) (220 mg) in anhydrous tetrahydrofuran (15 ml) under a nitrogen atmosphere 

40 and ice cooling, and the mixture Is stirred under ice cooling for 1 0 minutes. Then, a solution of t-butyl 4-acetylben- 
zoate (1.0 g) in anhydrous tetrahydrofuran (4 ml) is added dropwise to the mixture, stirring it at room temperature 
overnight. Ether is added to the reaction mixture under ice cooling, and the whole is extracted. The organic layer is 
washed with a 10% aqueous cttric acid solution, water and saturated brine successively, dried over anhydrous 
magnesium sulfate and concentrated under reduced pressure. The residue is purified by silica gel column chroma- 

45 tography to give 0.76 g (58%) of ethyi 4-(t-butoxycarbonyl)-p-methyicinnamate. 

IR (Film, cm" 1 ) 2979, 2934, 1713, 1631, 1567, 1455, 1 169, 1 1 15 

3) Ethyl 4-(WDutoxycarbonyI)-p-methylcinnamate (755 mg) is dissolved in a 4 N solution of hydrogen chloride in 
so ethyi acetate (6.5 ml), and the solution is stirred at room temperature for 18 hours. The reaction mixture is concen- 
trated under reduced pressure, isopropyl ether is added to the concentrate, and the resulting precipitate is filtered 
off to give 550 mg (90%) of the titled compound (Reference compound No 3-1 ) as crystals. 

(Reference compound No. 3-1) 

55 

[0050] 

mp 160.0-1 61. 7°C 
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IR (KBr, cm' 1 ) 2979, 2668,2543, 1712, 1689, 1626, 1565, 1424, 1367 

Reference Example 4 
5 Diethyl 2-(4-formylphenyl)maleate (Reference compound No 4-1 ) 
[0051] 




25 

1 ) A 1 .0 M solution of 4-tolylmagnesium bromide in ether (20.5 ml) is added dropwise to a solution of diethyl oxalate 
(6.5 g) in anhydrous tetrahydrofuran (41 ml) under a nitrogen atmosphere and ice cooling. Five minutes after com- 
pleting the addition, the mixture Is stirred at room temperature for 1 .5 hours. To the reaction mixture is added 1 N 
hydrochloric acid, and the whole is extracted with ether. The organic layer is washed with water and saturated brine 
30 successively, dried over anhydrous magnesium sulfate and concentrated under reduced pressure. The resulting 
residue is purified by silica gel column chromatography to give 2.99 g (76%) of ethyl 4-tor/lgIyoxyiate. 

IR (Film, cm" 1 ) 2984, 1736, 1684, 1606, 1307, 1203, 1176, 1015 

35 2) A solution of diethyl ethoxycarbonyimethylphosphonate (3.3 g) in anhydrous tetrahydrofuran (20 ml) Is added 
dropwise to a suspension of sodium hydride (60%, oily) (676 mg) in anhydrous tetrahydrofuran (30 ml) under a 
nitrogen atmosphere and ice cooling, and further a solution of ethyl 4-tolylglyoxylate (2.96 g) in anhydrous tetrahy- 
drofuran (22 ml) is added dropwise thereto. The mixture is stirred at room temperature for 30 minutes, a 10% aque- 
ous citric acid solution is added to the reaction mixture, and the whole is extracted with ether. The organic layer is 

40 washed with water and saturated brine successively, dried over anhydrous magnesium sulfate and concentrated 
under reduced pressure. The resulting residue is purified by silica gel column chromatography to give 3.57 g (88%) 
of diethyl 2-(4-tolyl)maleate. 

IR (Fifrn, cm" 1 ) 2982, 1732, 1714, 1623, 1608, 1372, 128B, 1205, 1176, 1033 

45 

3) To a solution of diethyl 2-(4-tolyl)maleate (1.5 g) in carbon tetrachloride (29 ml) are added N-bromosuccinimide 
(3.1 g) and 2, 2'-azob!s(lsobutyronitrile) (45 mg), and the mixture is reftuxed for two days. The reaction mixture is 
concentrated under reduced pressure, a 10% aqueous sodium hydrogencarbonate solution is added to the con- 
centrate, and the whole Is extracted with ether. The organic layer is washed with water and saturated brine succes- 

50 sively, dried over anhydrous magnesium sulfate and concentrated under reduced pressure. The residue is purified 
by silica get column chromatography to give 1.15 g (56%) of diethyl 2-[4-(dibromomethyl)phenyl]maleate as crys- 
tals. 

mp 89.0-92.5°C 

55 IR (KBr, cm* 1 ) 3029, 2991, 1714, 1626, 1372, 1342, 1295, 1186, 1026, 847 

4) A solution of silver nitrate (607 mg) in water (5 ml) is added to a solution of diethyl 2-[4-(dibromomethyl)phe- 
nyl]maleate (500 mg) in 2-methoxyethanol (15 ml) under a nitrogen atmoepher , and the mixture is stirred for 25 



13 



EP 1 094 055 A1 



minutes while heating it at 95°C. Under Ice cooling, 0.1 N hydrochloric acid is added to the reaction mixture, and 
the whole Is extracted with ethyl acetate. The organic layer Is washed with water and saturated brine successively, 
dried over anhydrous magnesium sulfate and concentrated under reduced pressure. The residue Is purified by sil- 
ica g I column chromatography to give 280 mg (85%) of the titled compound (Reference compound No. 4-1). 

(Reference compound No. 4-1) 
[0052] 

IR (Film, cm" 1 ) 2983, 1722, 1626, 1372, 1343, 1283, 1209, 1180 
Reference Example 5 

Diethyl (E)-2-(4-carboxyphenyl)vinylphosphonate (Reference compound No. 5-1) 
[0053] 



0 




1) Anhydrous potassium carbonate (4.7 g) is added to a solution of terephthalaldehydlc acid (5.1 g) in anhydrous 
cfimethylformarnide (1 1 0 ml), and the mixture is stirred at room temperature for 1 0 minutes. Then, methyl iodide (2.5 
ml) is added thereto, and the mixture is stirred overnight. Water is added to the reaction mixture, and the whole is 
extracted with ethyl acetate. The organic layer is washed with water and saturated brine successively, dried over 
anhydrous sodium sulfate and concentrated under reduced pressure. The resulting residue is purified by silica gel 
column chromatography to give 4.7 g (84%) of methyl 4-formytoenzoate as crystals. 

mp58.9-60.5 o C 

IR (KBr, cnT 1 ) 3021, 1728, 16B4, 1578, 1435, 1392 

2) A 1 .0 M solution of lithium b1s(trimetriyisily1)amide In tetrahydrofuran (1 7 ml) is diluted with anhydrous tetrahydro- 
furan (81 ml) under a nitrogen atmosphere and dry ice cooling, and then a solution of tetraethyl methylenebis(phos- 
phonate) (4.6 g) in anhydrous tetrahydrofuran (8 ml) Is added drop wise thereto. The mixture is stirred under dry ice 
cooling for 30 minutes, and then a solution of methyl 4-formylbenzoate (2.64 g) in anhydrous tetrahydrofuran (12 
ml) is added dropwise thereto. The mixture is stirred under dry ice cooling for 1 .5 hours and further under ice cool- 
ing for 2.5 hours. Ethyl acetate is added to the reaction mixture. The organic layer Is washed with water and satu- 
rated brine successively, dried over anhydrous sodium sulfate and concentrated under reduced pressure. The 
resulting precipitate is filtered off to give 4.1 g (B6%) of diethyl (E)-2-[4-(rnethoxycarbonyl)phenyl]vinylphosphonate 
as crystals. 

mp 60-65°C 

IR (KBr, cm* 1 ) 3003, 1720, 1620, 1568, 1433, 1236 

3) Diethyl (E)-2-[4-(methoxycarbonyl)pheriyllvinylphosphonate (4.0 g) is dissolved in a mixed solvent of ethanol (26 
mr)-tetrahydrofuran (1 3 ml). Then, a 1 N aqueous sodium hydroxide solution (15 ml) is added thereto, and the mix- 
ture is stirred at room temperature for 24 hours. A 1 0% aqueous citric acid solution is added to the reaction mixture 
to acidify it, and the whole is extracted with ethyl acetate. The organic layer is washed with water and saturated 
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brine successively, dried over anhydrous sodium sulfate and concentrated under reduced pressure. The resulting 
precipitate Is filtered off to give 3.4 g (89%) of the titled compound (Referenc compound No 5-1) as crystals. 

(Reference compound No. 5-1) 
[0054] 

mp 135.0-136.5°C 

IR (KBr, cm* 1 ) 2990, 1707, 1570, 1480, 1240 



10 



Example 1 

Ethyl 4-[(2RS)-2-(t-butoxycarbonyl)-2-(2, 3, 4, 5, 6-pentafluorophenyl)acetyl]cinnamate (Compound No. 1-1) 
IS [0055] 



20 




30 



[0056] Thlonyl chloride (2.8 mi) is added dropwise to a solution of ethyl 4-carboxycinnamate (Reference compound 
No. 2-1, 1 .7 g) in chloroform (5 ml) under a nitrogen atmosphere. Then, cTmethylformamide (one drop) is added thereto, 
35 and the mixture is refluxed for 30 minutes. The reaction mixture is concentrated under reduced pressure to give the cor- 
responding acid chloride. 

[0057] A 0.5 M solution of potassium bis(trimethy1silyl)amide in toluene (1 B ml) is added dropwise to a solution of t- 
butyl (2, 3, 4, 5, 6-pentafluorophenyl)acetate (Reference compound No. 1-1, 2.17 g) in tetnahydrofuran (20 ml) under a 
nitrogen atmosphere and dry ice cooling. After five minutes, furthermore, a solution of the above-mentioned acid chlo- 
40 ride in tetnahydrofuran (20 ml) is added dropwise thereto. Twenty minutes after completing the addition, the mixture is 
stirred at room temperature for 1.5 hours. A 1 0% aqueous citric acid solution is added to the reaction mixture, and the 
whole is extracted with ether. The organic layer is washed with water and saturated brine successively, dried over anhy- 
drous magnesium sulfate and concentrated under reduced pressure. The resulting residue is purified by silica gel col- 
umn chromatography to give 526 mg (12%) of the titled compound (Compound No. 1 -1) as crystals. 

45 

(Compound No. 1-1) 

[0056] 

50 mp 87.5-88.5°C 

IR (KBr, cnT 1 ) 2979, 1716, 1637, 1522, 1496, 1373, 1177 

[0059] The following compounds are obtained by a method similar to Example 1 . 

55 • Ethyl 4-[(2RS)-2-(t-butoxycarbonyi)-2-(4-nitrophenyl)acetyl]cinnamate (Compound No. 1 -2) 

IR (Film, cm' 1 ) 2980, 1715, 1639, 1603, 1523, 1368, 1348, 1278, 1148 



15 



EP 1 094 055 A1 

• Ethyl 4-[(2RS)-2-(t-butoxycarbonyO-2-(4-b1phenylyl)acetyl]clnnamate (Compound No. 1 -3) 

IR (Film, crrf 1 ) 2980. 1713, 1639, 1603. 1486 

• Ethyl 4-{(2RS)-2-(t-butoxycarbonyl)-2-(4-tolyl)acetyI]cinnamate (Compound No. 1-4) 

• Ethyl 4-[(2RS)-2-(t-butxycarbonyl)-2-(4-fIuorophenyl)acetyl]clnnamate (Compound No. 1 -5) 

• Ethyl 4-[(2RS)-2-(t-butoxycarbonyl)-2-(4-chlorophenyl)acatyl]cinnamate (Compound No. 1 -6) 

Example 2 

4-[(2, 3, 4 f 6, 6-Pentafluorophenyl)acetyl]cinnamic acid (Compound No. 2-1) 
[0060] 



F 




0 



[0061] Into a pressure tube Is introduced a solution of ethyl 4-[(2RS)-2-(t-butoxycarbonyl)-2-(2, 3 t 4, 5, 6-pentafluor- 
ophenyl)acetyl]cinnamate (Compound No. 1-1, 500 mg) in dioxane (2 ml), and concentrated sulfuric acid (2 ml) is 
added thereto The mixture is stirred for four hours while heating it at 1 30°C. The reaction mixture is cooled with ice, and 
the resulting precipitate is filtered off to give 256 mg (70%) of the titled compound (Compound No. 2-1) as crystals. 

(Compound No. 2-1) 

[0062] 

mp 22 8-234°C 

IR (KBr, cm' 1 ) 2975, 1B73, 1526, 1502, 1307, 1280 
[0063] The following compounds are obtained by a method similar to Example 2. 

• 4'[(4-Nltrophenyl)acetyl]cinnamic acid (Compound No. 2-2) 

mp 247-251 °C 

IR (KBr, cm- 1 ) 2895, 1683, 1628, 1601, 1518, 1343, 1228, 991 

• 4^(4-Biphenylyl)acety1]ctnnamic acid (Compound No. 2-3) 

mp250°C or higher 

IR (KBr, cm" 1 ) 3030, 1682, 1631 , 1600, 1558, 1487 

• 4-{(4-Tolyi) acetyl Jrinnarnic acid (Compound No. 2-4) 

• 4-[(4-Ruorophenyl)acety(]cinnamic acid (Compound No. 2-5) 

• 4-{(4-Chlorophenyl)acetyl]cinnamic acid (Compound No. 2-6) 
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Example 3 

Ethyl 4-(phenylacetyl)clnnamate (Compound No. 3-1) 

5 [0064] 



10 




H 0 



[0065] Thlonyl chloride (3.3 ml) is added dropwise to a solution of ethyl 4-carboxycinnamate (Reference compound 
20 No. 2-1, 2.0 g) in chloroform (4 ml) under a nitrogen atmosphere, then dimethylformamide (one drop) is added to the 
solution, and the mixture is refluxed for 30 minutes. The reaction mixture is concentrated under reduced pressure to 
give a residue of the corresponding acid chloride The residue is dissolved in tetrahydrofuran (30 ml) under a nitrogen 
atmosphere, and the solution Is cooled with dry ice. A 2.0 M solution of benzylmagneslum chloride in tetrahydrofuran 
(4.5 ml) is added dropwise thereto. Twelve minutes after completing the addition, a 10% aqueous citric acid solution is 
25 added to the reaction mixture under dry ice cooling, then the temperature is raised to room temperature, and the whole 
is extracted with ether. The organic layer is washed with water and saturated brine successive ly, dried over anhydrous 
magnesium sulfate and concentrated under reduced pressure. The resulting residue Is purified by silica gel column 
chromatography to give 685 mg (26%) of the titled compound (Compound No. 3-1) as crystals. 

30 (Compound No. 3-1) 

[0066] 

mp 110.5-1 11. 3°C 
35 IR (KBr, cm" 1 ) 2986, 1690, 1410, 1330, 1206, 970, 704 

[0067] The following compounds are obtained by a method similar to Example 3. 

• Ethyl 4-(n-butyry1)clnnamate (Compound No. 3-2) 

40 

mp 51.7-53.9°C 

IR (KBr, cm 1 ) 2963, 1770, 16B0, 1603, 1561, 1472, 1371, 999 

• Ethyl a-methyl-4-(phenylacetyl)cinnamate (Compound No. 3-3) 

45 

mp 35.5-37.8°C 

IR (KBr, cm* 1 ) 2983, 1706, 1683, 1602, 1452, 1254, 1112 

• Ethyl p-methyl-4-(phenylacetyl)clnnamate (Compound No. 3-4) 

50 

mp B1.7-B3.0°C 

IR (KBr, cm* 1 ) 3040, 2982, 1713, 16B3, 1624, 1601, 1478, 1268, 1225 

• Ethyl 4-proplonylclnnamate (Compound No. 3-5) 
55 • Ethyl 4-isovalerylcinnamate (Compound No. 3-6) 

• Ethyl 4-acetylcinnamate (Compound No. 3-7) 
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Example 4 

4-(Pheny1acety1)c1nnamte add (Compound No. 4-1) 
5 [0068] 



10 




H 0 



[0069] A 1 N aqueous sodium hydroxide solution (2.3 ml) and water (4 ml) are added to a solution of ethyl 4-(phe- 
20 nytacetyl)cinnamate (Compound No, 3-1, 675 mg) in a mixed solvent of ethanol (6 ml)-tatrahydrofuran (6 ml) under a 
nitrogen atmosphere, and the mixture is stirred at room temperature for 6.5 hours. To the reaction mixture is added 1 N 
hydrochloric acid to acidify it, and the whole is extracted with ethyi acetate. The organic layer is washed with saturated 
brine, dried over anhydrous magnesium sulfate and concentrated under reduced pressure. The resulting precipitate is 
filtered off to give 553 mg (91%) of the titled compound (Compound No. 4-1) as crystals. 

25 

(Compound No. 4-1) 
[0070] 

30 rnp 232-236°C (decomp.) 

IR (KBr, cm' 1 ) 3036, 2589, 16B4, 1 630, 1337, 1230, 993 

[0071] The following compounds are obtained by a method similar to Example 4. 

35 • 4-(n-Butyryl)cinnamic acid (Compound No. 4-2) 

mp 204-21 0°C (decomp.) 

IR (KBr, cm' 1 ) 2965, 1689, 1630, 1601, 1560, 992 
ao • a-Methyl-4-(phenylacetyl)cinnamic acid (Compound No. 4-3) 
mp 1 48.0-1 49.3°C 

IR (KBr, cm" 1 ) 2968, 1685, 1621 , 1409, 1266, 728 
as • p-Methy(-4-(phenytacetyl)dnnamic acid (Compound No. 4-4) 
mp 143-149°C 

IR (KBr, cm' 1 ) 2898, 1684, 1623, 1559, 1499 

so • 4-Propionylcinnamic acid (Compound No. 4-5) 

• 4-lsovaJerylcinnamic add (Compound No 4-6) 

• 4-Acetylcinnamic acid (Compound No. 4-7) 



55 
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Example 5 

Diethyl 2-[4-[(1RS)0-hydroxy-2-pheriylethyl]phenyl]maleate (Compound No. 5-1) 
[0072] 




[0073] A 2.0 M solution of benzylmagneslum chloride In tetrahydrofuran (0.45 ml) Is added dropwlse to a solution 
of diethyl 2-(4-formylphenyl)maleate (Reference compound No. 4-1, 250 mg) in anhydrous tetrahydrofuran (4.5 ml) 
under a nitrogen atmosphere and dry Ice cooling with stirring. Ten minutes after completing the addition, the mixture is 
stirred at room temperature for one hour. A saturated aqueous ammonium chloride solution is added to the reaction 
mixture, and the whole Is extracted with ether. The organic layer is washed with water and saturated brine successively, 
dried over anhydrous magnesium sulfate and concentrated under reduced pressure. The resulting residue is purified 
by silica gel column chromatography to give 1 00 mg (30%) of the titled compound (Compound No. 5-1). 

(Compound No. 5-1) 

[0074] 

IR (Film, cm' 1 ) 3512, 2983, 1719, 1624, 1372, 1342, 1290, 11BO, 1032, 701 
Example 6 

Diethyl 2-[4-(phany1acetyl)phenyi]maleate (Compound No. 6-1) 
[0075] 
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[0076] Triethylamlne (0.53 ml) is added to a solution of diethyl 2-[4-[(1 RS)-1 -hydraxy-2-phenylethyl]phenyl]maleate 
(Compound No 5-1 , 280 mg) In dimethyl sulfoxide (3 ml) at room temp nature with stirring, and further a solution of a 
sulfur trloxlde-pyrldlne complex (484 mg) In dimethyl sulfoxide (5 ml) Is added thereto. The mixture Is stirred at room 
temperature for 2.5 hours. 0.1 N hydrochloric acid (50 ml) Is added to the reaction mixture, and the whole Is extracted 
5 with ether. The organic layer is washed with water and saturated brine successively, dried over anhydrous magnesium 
sulfate and concentrated under reduced pressure. The precipitate Is filtered off to give 85 mg (31%) of the titled com- 
pound (Compound No. 6-1) as crystals. 

(Compound No. 6-1) 

10 

[0077] 

nip 11 1-120*0 

IR (KBr, cm 1 ) 2985, 1716, 1691, 1627, 1412, 1374, 1183, 1024, 728 

15 

Example 7 

2-[4-(Phenylacety()phenyl]maleic acid (Compound No. 7-1) 
20 [0078] 



25 



30 




[0079] Into a pressure tube Is introduced a solution of diethyl 2-[4-(phenylacetyl)pheny1]maleate (Compound No. 6- 
1 , 80 mg) in dioxane (3 ml), concentrated hydrochloric acid (2 ml) is added thereto, and the mixture is stirred at 120°C 
for one hour. The reaction mixture is concentrated under reduced pressure to give 90 mg (quantitatively) of the titled 
40 compound (Compound No. 7-1). 
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Example 6 

4-[2-(2, 3, 4, 5, 6-Pentafluorophenyl)acryloyl]clnnamic acid (Compound No. 8-1) 
5 [0080] 



10 



15 



20 

[0081] Into a pressure tube Is introduced a solution of 4-[(2, 3, 4, 5, 6-pentafluorophenyl)acetyl]cinnamic acid (Com- 
pound No. 2-1 , 230 mg) in dioxane (13 ml). To the solution are added paraformaldehyde (78 mg), dimethyiamlne hydro- 
chloride (21 0 mg), acetic acid (one drop) and anhydrous magnesium sulfate (q.s.), and the mixture is stirred overnight 
25 white heating It at 130°C. Under Ice cooling, 0.1 N hydrochloric acid is added to the reaction mixture to acidity H, and 
the whole is extracted with ethyl acetate. The organic layer is washed with saturated brine, dried over anhydrous mag- 
nesium sulfate and concentrated under reduced pressure. The precipitate is filtered off to give 222 mg (93%) of the 
titled compound (Compound No. B-1) as crystals 

30 (Compound No. B-1) 

[0082] 

mp 218-220°C 

35 IR (KBr, cm' 1 ) 2837, 1691, 1668,1518, 1494, 1283,994 

[0083] The following compounds are obtained by a method similar to Example 8. 

• 4-[2-(4-Nitrophenyl)acryloyl]cinnamic acid (Compound No. 8-2) 
mp 224.2-225.5°C 

IR (KBr, cm- 1 )2B41, 1689, 1656, 1508, 1428, 1344, 1313,848 
4-[2-{4-Biphenylyl)acryloyl]cinnamlc acid (Compound No. 8-3) 
mp 239°C (decomp.) 

IR (KBr, cm- 1 ) 2989, 16B8, 1655, 1632, 1601, 1562, 982 

• 4-[2-{4-Tolyl)acryloyl]cinnamic acid (Compound No. 8-4) 

so • 4-[2-(4-Fluorophenyl)Bcryloy1]cinnamic acid (Compound No. 8-5) 

• 4-[2-<4-Chlorophenyl)acryloyl]cinnamic acid (Compound No. 8-6) 

• 4-(2-Phenylacryloyl)cinnamic acid (Compound No. 8-7) 

mp 175.3-1 77. 8°C 

55 IR (KBr, cm' 1 ) 2969, 1690, 1667, 1631, 1600, 1561, 1493, 1412,914, 858 

• 4-(2-Ethylacryloyl)cinnamic acid (Compound No. 8-8) 



40 



45 
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mp 1 74.5-1 75.0°C 

IR (KBr, cm 1 ) 2968, 1689, 1650, 1627, 1601, 1561, 989 

• a-Methyl-4-(2-phenytacryloyl)cinnamic acid (Compound No. 8-9) 

5 

mp 1 34.5-1 36.5°C 

IR (KBr, cm 1 ) 2966, 1666, 1600, 1414, 1265, 1215, 980 

• p-Mathyl-4-(2-phenyfacryloyl)cinnamic acid (Compound No. 8-10) 

10 

mp 116.2-1 18.8°C 

IR (KBr, cm" 1 ) 2924, 1684, 1627, 1600, 1495, 14t5, 981, 855 

• 4-(2-MethylacryJoyl)tinnam]c acid (Compound No. 8-11) 
15 • 4-(2-lsopropylacryloyl)clnnam1c acid (Compound No. 8-12) 

• 4-Acryloylclnnamic acid (Compound No. 8-13) 

• 2-[4-(2-Phenylacryloyl)phenyl]maleic acid (Compound No. 8-14) 

IR (Rim, cm' 1 ) 2928, 1769, 1718, 1622, 1416, 1226, 1123, 759 

20 

Example 9 

Ethyl 4-[(2RS, 3RS)-3-hydroxy-2-phenylbutyryl]clnnamate (Compound No. 9-1) 
25 [0084] 



30 




H HO 



[0085] Ethyl 4-(phenylacatyt)tinnamat6 (Compound No. 3-1, 2.0 g) Is dissolved in a mixed solvent of ethanol (14 
40 ml>tetrahydrofuran (34 ml). To the solution are added water (14 ml), acetaldehyde (1.9 ml) and potassium carbonate 
(1 .9 g), and the mixture is stirred at room temperature for three hours. To the reaction mixture is added 1 N hydrochloric 
acid to acidify It and the whole Is extracted with ethyl acetate. The organic layer is washed with saturated brine, dried 
over anhydrous magnesium sulfate and concentrated under reduced pressure. The resulting residue is purified by silica 
gel column chromatography to give 1.75 g (76%) of the titled compound (Compound No. 9-1). 

45 

(Compound No. 9-1) 
[0086] 

50 IR(Rlm, cm" 1 ) 3484, 2977, 1712, 1677, 1637, 1603, 1562, 1492, 1312, 1209, 1177 
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Example 10 

Ethyl 4-[{2RS, 3RS)-3-(mesyloxy)-2-phenylbutyryQclnnamate (Compound No. 10-1) 
5 [0087] 



10 




S0 2 CH 3 H 



20 [0088] Triethylamine (1 .05 ml) and mesyl chloride (0.6 ml) are added to a solution of ethyl 4-[(2RS, 3RS)-3-hydroxy- 
2-phenylbutyryl]cinnamate (Compound No. 9-1, 1.70 g) in anhydrous methylene chloride (25 ml) under ice cooling, and 
the mixture is stirred for 2.5 hours A 10% aqueous citric acid solution is added to the reaction mixture to acidify it, and 
the whole is extracted with ether. The organic layer is washed with water and saturated brine successively, dried over 
anhydrous magnesium sulfate and concentrated under reduced pressure to give 1.75 g (84%) of the titled compound 

25 (Compound No. 10-1). 

(Compound No. 10-1) 
[0089] 

30 

IR (Film, cm" 1 ) 3030, 1713, 1681, 1353, 1174, 906 
Example 1 1 

35 Ethyl 4-[(E, Z)-2-phenyl-2-butenoyl]c1nnamate (Compound No. 1 1-1) 
[0090] 



40 



45 




H 0 



[0091] 1 , 8-D1azabteyclo[5.4.0]-7-undecene (0.32 ml) is added to a solution of ethyl 4-[(2RS, 3RS)-3-(mesyloxy)-2- 
phenyibutyryl]cinnamate (Compound No. 10-1, 800 mg) in tetrahydrofuran (10 ml), and the mixture is stirred at room 
temperature for one hour. A 1 0% aqueous citric acid solution is added to the reaction mixture to acidify it, and the whole 
55 is extracted with ether. The organic layer is washed with water and saturated brine successively, dried over anhydrous 
magnesium sulfate and concentrated under reduced pressure. The resulting oily matter is purified by silica gel column 
chromatography to give 535 mg (87%) of the titled compound (Compound No. 11-1). 
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(Compound No. 11-1) 
[0092] 

5 IR (Film, cm" 1 ) 2980, 1713, 1639, 1602, 1366, 1312, 1270. 1204, 1175 

Example 12 

4-[(E, Z)-2-Phenyl-2-butenoyl]cinnamic acid (Compound No. 12-1) 

10 

[0093] 



15 



20 




25 

[0094] Ethyl 4-[(E, Z)-2-phenyl-2-butenoyt]cinnamate (Compound No. 11-1, 260 mg) is dissolved in a mixed solvent 
of tetrahydrofuran (4 ml)-ethanol (4 ml). To the solution are added water (3 ml) and a 1 N aqueous sodium hydroxide 
solution (0.32 ml), and the mixture is stirred at room temperature for 4.5 hours. To the reaction mixture Is added 1 N 
hydrochloric acid to acidify it, and the whole is extracted with ethyl acetate. The organic layer is washed with saturated 
30 brine, dried over anhydrous magnesium sulfate and concentrated under reduced pressure. The precipitate is filtered off 
to give 1 15 mg (49%) of the titled compound (Compound No. 12-1) as crystals. 

(Compound No. 12-1) 

35 [0095] 

mp 153-156*C 

IR (KBr, cm* 1 ) 2974, 1690, 1630, 1425, 1265, 700 
40 Example 13 

t-Butyl 4-(3, 3-difluoro-2-phenyiacryioyl)cinnamate (Compound No. 13-1) 
[0096] 

45 



50 
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[0097] N-Methyimorpholine (0.29 ml) is added to a solution of t-butyl 4-carboxyctnnamate (Reference compound 
No. 2-3, 1 .9 g) In anhydrous tetrahydrof uran (38 ml) under a nitrogen atmospher and Ice-salt refrlg rant cooling. Then, 
Isobutyl chloroformate (0.99 ml) Is added dropwlse to the solution, and the mixture Is stirred for 1 6 minutes to give the 
corresponding mixed acid anhydride. 

5 [Q098] A 1.6 M solution of n-butyl lithium in hexane (10 ml) is added dropwise to a solution of 2, 2, 2-trifluoro ethyl 
tosylate (1 .95 g) In anhydrous tetrahydrof uran (1 8 ml) under a nitrogen atmosphere and dry ice cooling, and the mixture 
is stirred for 35 minutes. Then, a solution of triphenylborane (2.0 g) in anhydrous tetrahydrofuran (20 ml) is added drop- 
wise to the mixture under dry ice cooling, and the whole is stirred under dry ice cooling for one hour and further at room 
temperature for three hours. To the reaction mixture are added hexamethylphosphoramide (12 ml) and copper(l) iodide 

10 (2.9 g) under ice cooling, and the mixture is stirred for 45 minutes. Then, the above-mentioned mixed acid anhydride 
solution is added dropwise to the mixture, stirring It at room temperature overnight. A 10% aqueous citric acid solution 
is added to the reaction mixture to acidify it, and the whole is extracted with ether. The organic layer is washed with 
water and saturated brine successively, dried over anhydrous magnesium sulfate and concentrated under reduced 
pressure. The resulting oily matter is purified by silica gel column chromatography to give 442 mg (16%) of the titled 

15 compound (Compound No. 13-1). 

(Compound No. 13-1) 
[0099] 

20 

mp 88-94°C 

IR (KBr, cm" 1 ) 3006, 1740, 1709, 1637, 1608, 1569, 1271, 1192, 1151 
Example 14 

25 

4-(3, 3-Difluoro-2-phenylacryloyl)cinnamic acid (Compound No. 14-1) 
[0100] 



35 




0 



[0101] t-Butyl 4-(3, 3-difluoro-2-phenylacryloyl)cinnamate (Compound No. 13-1 , 302 mg) Is dissolved in a 4 N solu- 
tion of hydrogen chloride in dioxane (2.45 ml) under a nitrogen atmosphere, and the solution is stirred at room temper- 
ature for 1 9.5 hours. Ether is added to the reaction mixture, and the resulting precipitate Is filtered off to give 1 16 mg 
45 (45%) of the titled compound (Compound No. 14-1). 

(Compound No. 14-1) 

[0102] 

50 

mp 235-248°C 

IR (KBr, cm' 1 ) 2833, 1724, 1689, 1631, 1605, 1569, 1278, 922 
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Example 15 

Monoethyi (E)-2<4-(phenylac«tyl)phenyl]vinylphosphonate (Compound No. 15-1) 
5 [0103] 



10 



15 




20 [0104] Thionyl chloride (5.0 ml) is added dropwise to a solution of diethyl (E)-2-(4-carboxyphenyi)vinylpho8phonate 
(Reference compound No. 5-1, 3.27 g) in chloroform (5 ml), then dimethytformamide (one drop) is added to the solution, 
and the mixture is refluxed for 24 hours. The reaction mixture is concentrated under reduced pressure to give the cor- 
responding acid chloride. 

[0105] To anhydrous 1, 2 -dim ethoxy ethane (33 ml) are added activated zinc (1.6 g) and a palladium(ll) chloride- 
25 bis(triphenylphosphlne) complex (0.89 g) under a nitrogen atmosphere, and benzyl bromide (1 .5 ml) is added dropwise 
thereto under ice cooling with stirring. Further, a solution of the above-mentioned acid chloride in anhydrous 1, 2- 
dimethoxyathane (25 ml) is added dropwise thereto, and the mixture is stirred at room temperature for three days. The 
reaction mixture Is filtered with Cellte, and the filtrate is concentrated under reduced pressure. To the concentrate is 
added 1 N hydrochloric add, and the whole Is extracted with ethyl acetate. The organic layer is washed with saturated 
30 brine, dried over anhydrous sodium sulfate and concentrated under reduced pressure. The resulting residue Is purified 
by silica gel column chromatography to give 1 .96 g (52%) of the titled compound (Compound No. 15-1). 

(Compound No. 1 5-1 ) 

35 [0106] 

IR (Film, cm" 1 ) 3030, 1681. 1603, 1561, 1436, 1454, 1269, 1200, 945 
Example 1 6 

40 

Monoethyi (E)-2-[4-(2-phenylacryloyl)phenyi]vinylphosphonate (Compound Na 16-1) 
[0107] 

45 



SO 




H 0 
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[□108] Into a pressure tube Is introduced a solution of monoethyl (E)-2-[4-(phenylacetyl)phenyl]vinylphosphonate 
(Compound No. 15-1 , 1 .96 g) In dtoxane (1 1 ml). To the solution are added paraformaldehyde (0.66 g) p dlmethy (amine 
hydrochloride (1.8 g), acetic acid (one drop) and anhydrous magnesium sulfate (q.s.), and the mixture Is stirred for five 
hours while heating it at 130°C. Under ice cooling, 1 N hydrochloric acid Is added to the reaction mixture to acidify it, 
5 and the whole is extracted with ethyl acetate. The organic layer is washed with saturated brine, dried over anhydrous 
sodium sulfate and concentrated under reduced pressure. The resulting oily matter is purified by silica gel column chro- 
matography to give 0.55 g (29%) of the titled compound (Compound No. 16-1). 

(Compound No. 16-1) 

10 

[0109] 

IR (Film, cm" 1 ) 2983, 2904, 1719, 1665, 1618, 1410, 1214, 984, 856, 833 
is Example 17 

(E)-2-[4-(2-Phenylacryloyl)phenyl]vinylphosphonic acid (Compound No. 17-1) 
[0110] 

20 



25 




[0111] Bromotrimethylsilane (0.28 ml) is added dropwise to a solution of monoethyl (E)-2-[4-(2-phenylacryloyl)phe- 
35 nyl]vinylphosphonate (Compound No. 16-1, 1 80 mg) in anhydrous methylene chloride (1.3 ml) under a nitrogen atmos- 
phere at room temperature, and the mixture is stirred for one hour. Ethyl acetate is added to the reaction mixture. The 
organic layer is washed with water and saturated brine successively, dried over anhydrous sodium sulfate and concen- 
trated under reduced pressure. 

[0112] The resulting oily matter is dissolved in methylene chloride (4.7 ml), triethylamlne (0.20 ml) is added to the 
40 solution, and the mixture Is stirred at room temperature for one hour. Ethyl acetate is added to the reaction mixture. The 
organic layer is washed with 0.1 N hydrochloric acid and saturated brine successively, dried over anhydrous sodium sul- 
fate and concentrated under reduced pressure. The precipitate is filtered off to give 22 mg (13%) of the titled compound 
(Compound No. 17-1) as crystals. 

45 (Compound No. 17-1) 

[0113] 

mp 137-147°C 

50 IR (KBr, cm' 1 ) 3025, 1654, 1602, 1495, 1409, 1216, 929 



55 
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Formulation 

Formulation examples of eyedrops and oral preparation using the present compound are shown below. 
5 1) Eyedrops 
[0114] 

10 



Formulation 1 In 1 0 ml 


Present compound 


1 mg 


Concentrated glycerin 


250 mg 


Polysorbate 80 


200 mg 


Sodium dihydrogenphosphate di hydrate 


20 mg 


1 N Sodium hydroxide 


q.s. 


1 N Hydrochloric acid 


q.s. 


Sterile purified water 


q.s. 



2) Tablet 

25 

[0115] 



Formulation 1 in 100 mg 


Present compound 


1 mg 


Lactose 


66.4 mg 


Cornstarch 


20 mg 


Calcium carboxymethylcellulose 


6 mg 


Hyd roxy pro py Ice II u lose 


6 mg 


Magnesium stearate 


0.6 mg 



40 

Pharmacological Test 

[0116] In order to study utility of the present compounds to glaucoma, 1) effects on morphology of trabecular mesh - 
45 work cells, 2) intraocular pressure-lowering effects by anterior chamber administration and 3) intraocular pressure- low- 
ering effects by instillation using laser-induced high intraocular pressure animal models were investigated. 

1) Effects on morphology of trabecular mesh work cells 

so [01 1 7] A possibility has been reported that drugs having effects of increasing aqueous humor outflow can be found 
by evaluating effects of drugs on morphology of cultured trabecular meshwork ceils (Invest. Ophthalmol. Vs. Sci., 32, 
2631-2640 (1992)). Accordingly, effects of the present compounds on morphology of bovine cultured trabecular mesh- 
work cells were studied in the similar manner to the method described in the above-mentioned literature. 

55 Experimental method 

[0118] Morphological changes in bovine cultured trabecular meshwork ceils by adding the present compounds 
were quantitatively evaluated by image analysis. 
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Preparation of cells 

[0119] Bovine trabecular meshwork cells (passage number 2 to 5) cultured In a basal medium for mammalian cell 
culture D-MEM (Dulbecco's Modified Eagle Medium, manufactured by Gibco Co. Ltd.) containing fetal bovine serum 

5 (10%), amphotericin B (2.5 u,g/ml) and gantamlcin (50 u,g/ml) were treated with a tryp6in-EDTA solution (0.05% trypsin, 
0.53 mM EDTA ■ 4Na) 24 hours before the later drug treatment and seeded in a 24-well plate (10 1 cells/well). Twelve 
hours before the later drug treatment, the cells were washed with phosphate-buffered physiological saline, and then the 
medium was replaced by D-MEM containing amphotericin B (2.5 u.g/ml) and gentamicln (50 jig/ml) (hereinafter referred 
to as "medium A"). One hour before the later drug treatment, cells which did not contact each other were selected from 

10 the ceils prepared as mentioned above and used for experiment. 

Preparation of test compound solution 

[01 20] A test compound was dissolved in dimethyl sulfoxide (DMSO), and the medium A was added to the solution, 
15 followed by sterilizing the solution by filtration. The medium A was further added to the solution to dilute it at a pre- 
scribed concentration. This diluted solution was maintained isothermally under a 5% carbon dioxide gas atmosphere at 
37°C for one hour, from one hour before the later drug treatment to prepare a test compound solution. 

Method of measurement 

20 

[0121] First, cells were photographed using a well-scanner one hour before the drug treatment Next, the medium 
of the cells was replaced by the test compound solution, and the cells were treated with the drug and incubated under 
a 5% carbon dioxide gas atmosphere at 37°C for three hours. Then, the same cells as those photographed one hour 
before the drug treatment were photographed using the well-scanner. 

25 

Image analysis 

[0122] Photographed cell images were incorporated from the photographs into an image analysis system with a 
CCD camera (manufactured by HAMAMATU Co., Ltd.). Outlines of the incorporated cell images were traced, and areas 
30 were measured. 

[0123] Degrees of the morphological changes made by the test compounds on the trabecular meshwork cells are 
expressed by the following rates of changes in areas (%). 

Rate of change in area (%) = [(A-B)/A] x 1 00 

35 

A: Cell area before drug treatment 
B: Cell area after drug treatment 

Results 

40 

[0124] Table 1 shows concentrations required to reduce the cell area of the trabecular meshwork cells by 50%, i.e., 
EC5o, as examples of test results. Table 1 shows also a result using ethacrynic acid as a control drug. 



Table 1 



Test compound 


ECbo (M) 


Compound No. 8-1 


6.8 x 10' 7 


Compound No. 8-2 


1.7 x 10' 6 


Compound No. 8-7 


8.1 x 10" 7 


Compound No. 8-9 


3.9x10 B 


Compound No. 8-10 


2.9 x 10- 6 


Ethacrynic acid 


6.2 x10 s 



[0125] As shown in Tabl 1 , the present compounds were recognized to have excellent cell morphological change 
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effects on the trabecular meshwork cells These effects were over ten times high r than that of ethacrynlc acid, which 
was a well-known comparative control drug. 

2) Intraocular pressure-lowering effects by anterior chamber administration 

5 

[01 26] A method of evaluating intraocular pressure -I owe ring effects of the drugs by administering them Into anterior 
chambers of cynomolgus monkeys has been reported (Am. J. Ophthalmol., 113, 706-71 1 (1 992)). Accordingly, effects 
of the present compound on intraocular pressure were studied in the similar manner to the method described in the 
above-mentioned literature. 

10 

Experimental method 
Experimental animals 

is [0127] Healthy male cynomolgus monkeys weighing 4.0 to 7.0 kg and being four to seven years old were used as 
experimental animals. 

Preparation of test compound solution 

20 [0128] A test compound to be used was dissolved in dimethyl sulfoxide (DMSO), and then phosphate-buffered 
physiological saline was added to the solution to dilute it at a prescribed concentration (1 CT 3 M, 1 % DMSO), followed by 
sterilizing the solution by filtration to prepare a test compound solution. 

Method of administering drugs 

25 

[0129] The test compound solution (1 0 jil) was administered with a micro syringe and a 30G needle into an anterior 
chamber of one eye of a cynomolgus monkey anesthetized generally by administering ketamine hdrochloride (5 to 1 0 
mg/kg) Intramuscularly. Only vehicle was administered into the other eye. 

so Method of measurement 

[0130] The intraocular pressure was measured with an applanation tonometer immediately before and prescribed 
periods after administering the test compound. Before measuring the intraocular pressure, the cynomolgus monkey 
was anesthetized generally with ketamine hydrochloride (5 to 1 0 mg/kg), and then one drop of a 0.4% oxybuprocaine 
35 hydrochloride eyedrops, which is a local anesthetic, was instilled Into the cynomolgus monkey. 

Results 

[0131] An effect of the test compound on the Intraocular pressure exhfo'rted (t) hours after administering the test 
40 compound is expressed by the following Intraocular pressure- lowering value (mmHg). 

Intraocular pressure-lowering value (mmHg) = [10P(V-t)-IOP(D-t)]-tlOP(V-0)-IOP(D-0)] 

lOP(D-t): Intraocular pressure of the eye into which the test compound was administered, measured (t) hours after 
45 administering the test compound 

lOP(D-O): Intraocular pressure of the eye into which the test compound was administered, measured immediately 
before administering the test compound 

IOP(V-t): Intraocular pressure of the eye into which the vehicle was administered, measured (t) hours after admin- 
istering the vehicle 

so IOP(V-0): Intraocular pressure of the eye into which the vehicle was administered, measured immediately before 

administering the vehicle 

[0132] Table 2 shows a maximum intraocular pressure-lowering value (mmHg) after injecting the test compound 
solution (Compound No. 8-7) Into the anterior chamber as one example of a test result Table 2 shows also a result 
55 using ethacrynic acid as a control drug. 
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Table 2 





Compound No. B-7*) 


Ethacrynic acid**) 


Maximum intraocular pressure-lowering value (mmHg) 


7.0 


2.0 



*) The value is an average value of six samples. 
*•) The value is an average value of five samples. 



10 

[0133] As shown in Table 2, the present compound exhibited an excellent intraocular pressure- lowering effect. The 
present compound exhibited also a higher intraocular pressure-lowering effect than ethacrynic acid, which was a com- 
parative control drug. 

is 3) Intraocular pressure-lowering affects by instillation using laser-induced high intraocular pressure animal models 

[0134] A method of evaluating intraocular pressure-lowering effects of the drugs by instilling them into laser- 
Induced high intraocular pressure monkey models has been reported (Arch. Ophthalmol., 105, 249-252 (1987)). 
Accordingly, intraocular pressure -lowering effects by instilling the present compound were studied in the similar manner 
20 to the method described in the above-mentioned literature. 

Experimental method 

Experimental animals 

25 

[0135] Male cynomolgus monkeys weighing 5 to 6 kg were used for experiment. Five eyes of four monkeys of which 
intraocular pressure had been elevated by irradiating trabecular meshwork of the monkeys at 100 to 150 spots every 
one week with an argon laser (Coherent Radiation, Models 800) were used. Laser irradiation conditions were set at 
1 000 mW and 0.2 sec. 

30 

Preparation of test compound solution 

[0136] A test compound was dissolved in purified water, then concentrated glycerin and sodium chloride were 
added to the solution to adjust osmotic pressure to 1, and a 0.1 M aqueous sodium hydroxide solution was added 
35 thereto to adjust pH to 7.4 and to prepare a 0.3% solution. Then, the solution was sterilized by filtration to prepare a test 
compound solution. 

Method of administering drugs 

40 [0137] First, in order to study effects of a vehicle on intraocular pressure, only vehicle was Instilled twice a day (at 
10 a.m. and 5 p.m.) for one week continuously. Then, the test compound solution was instilled twice a day (at 10 a.m. 
and 5 p.m.) for one week continuously. 

Method of measurement 

45 

[0138] Intraocular pressure was measured with an applanation tonometer before administering the drug and a pre- 
scribed period after the Instillation. Chlorpromazine (1 mg/kg) was administered intramuscularly to the cynomolgus 
monkey one hour before the measurement to sedate the monkey, one drop of a 0.4% oxybuprocaine hydrochloride eye- 
drops, which is a local anesthetic, was Instilled into the monkey, and then the intraocular pressure was measured. 

so 

Results 

[0139] Effects of the test compound solution on intraocular pressure exhibited six hours after the morning instilla- 
tion are expressed by Intraocular pressure change differences (mmHg) determined by the following equation. 

55 

Intraocular pressure change difference (mmHg) = [IOP(D-6)-IOP(D-0)HIOP(V-6)-IOP(V-0)] 
IOP(D-6): Intraocular pressure measured six hours after the morning instillation of the test compound solution 
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lOP(D-O): Intraocular pressure measured before administering the test compound solution 
!OP(V-6): Intraocular pressure measured six hours after th morning instillation of the vehicle 
IOP(V-0): Intraocular pressure measured before administering the vehicle 

5 [0140] Table 3 shows a change with days in the intraocular pressure change difference exhibited after instilling the 
test compound (Compound No. B-7) solution as one example of test results. 



Tables 



10 



Intraocular pressure 
measurement day 


(Compound No. 8-7) 
Intraocular pressure 
change difference 
(mmHg) 


1st day 


+5.8 


2nd day 


-7.6 


3rd day 


-6.6 


4th day 


-1.2 


5th day 


-6.6 


ethday 


-8.6 


7th day 


-2.8 



25 

[0141] The values in the table are averages of five eyes. 

[0142] As shown in Table 3. the test compound (Compound No. B-7) exhibited an excellent intraocular pressure- 
lowering effect. No disorder was recognized in an anterior segment of the eye throughout all Instillation periods. 
[0143] From the above-mentioned results, the present compound was recognized to have the excellent intraocular 
so pressure-lowering effect and to be useful as a therapeutic agent for glaucoma. 

Industrial Applicability 

[0144] The present invention provides novel compounds which are useful as therapeutic agents for glaucoma and 
35 has great applicability in an ophthalrnological field. 

Claims 

1. A compound represented by the following general formula [I] or a salt thereof. 

40 



0 



45 




C i 3 



55 

[wherein R 1 is hydrogen, lower alkyl or phenyl, and the phenyl can be substituted by lower aJkyl, hydroxy, lower 
alkoxy, halogen, nitro or phenyl. 
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R 2 and R 3 , being the same or different, are hydrogen, halogen or lower alky I. 

R 4 and R 5 , being the same or different, are hydrogen, lower alkyl or carboxyl or carboxylate thereof. 

R 8 is carboxyl or phosphono or ester thereof.]. 

5 2. The compound or a salt thereof as claimed in claim 1 , wherein 

1) R 1 is hydrogen, lower alkyl or phenyl, and the phenyl can he substituted by a group selected from lower alkyl, 
halogen, nltro and phenyl; and/or 

2) R 4 and R 5 , being the same or different, are hydrogen, lower alkyl or carboxyl. 

10 

3. The compound or a salt thereof as claimed In claim 1 , wherein 

1) R 1 is phenyl, and the phenyl can be substituted by a group selected from halogen, nitro and phenyl; 

2) both R 2 and R 3 are hydrogen: 

is 3) R 4 and R 5 , being the same or different, are hydrogen or lower alkyl; and/or 

4) R 8 is carboxyl. 

4. The compound or a salt thereof as claimed in claim 1 , wherein 

20 1) R 1 Is phenyl, pentafluorophenyl, 4-nitrophenyl or 4-biphenylyl; 

2) both R 2 and R 3 are hydrogen; 

3) R 4 and R 5 , being the same or different, are hydrogen or methyl; and/or 

4) R e Is carboxyl. 

25 5. A compound selected from the group consisting of 4-[2-(2, 3, 4, 5, 6-pentafluorophenyl)acryloyl]cinnamic acid, 4- 
[2-(4-n'rtrophenyl)acryloyl]cinnamic acid, 4-(2-phenylacryloyl)cinnamic acid, a-methyl-4-(2-phenylacryloyl)cinnamic 
acid and p-methyl-4-(2-phenylacryloyl)cinnamic acid or a salt thereof. 

6. A pharmaceutical composition comprising the compound or a salt thereof as claimed in claim 1 as an active ingre- 
30 dient. 

7. An aqueous humor outflow improving agent comprising the compound or a salt thereof as claimed in claim 1 as an 
active ingredient. 

35 8. An intraocular pressure-lowering agent comprising the compound or a salt thereof as claimed In claim 1 as an 
active ingredient. 
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